INTRODUCTION
Hepatitis A virus (HAV) is the most general cause of acute infectious hepatitis, with about 1.5 million people infected annually worldwide (1) . HAV generally spreads through the fecal and oral transmission. Development in living standards and socio-economic growth are associated with a reduce in the incidence of HAV infection in developing countries over the past decades. In provinces where HAV is prevalent, children may transmit the virus even though they lack evident clinical features, allowing the virus reservoirs to spread from developing countries into developed nations (2) .
HAV is a sole member of the family Picornaviridae and is a member of the genus Hepatovirus (3) . The virus genome is a 7.5 kb positive strand of RNA with a single poly protein that is divided into three functional regions named P1, P2, and P3. P1 encodes the capsid proteins (VP1-VP4), whereas P2 and P3 encode non-structural proteins necessary for virus replication (4) . HAV has been categorized into seven major genotypes (I-VII) according to the sequence of 
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the VP1/2A junction (5) . Genotypes I, II, III, and VII are known to be human strains, whereas genotypes IV, V, and VI are exclusively simian in origin (6) . Genotypes I and III are the most common worldwide and are further divided into subgenotypes IA, IB, IIIA, and IIIB. Comparative analysis of this region was suggested as a molecular epidemiologic marker to investigate the relatedness of individual strains with regard to parameters such as geographical or infectious origin.
Although a vaccination program is being implemented in South Korea and most adults had immunity to HAV until 20 years ago (7), there has been a significant recent increase in HAV infection (8~11). The greater part of children and young adults were not infected with HAV at early ages, making morbidity most likely upon infection.
Several recurring epidemic HAV infection have occurred,
and the infection is now recognized as a public health trouble (12) . The number of adult cases of acute hepatitis A has progressively increased during the last ten years, reflecting the changing epidemiology of HAV according to rapid improvements in socioeconomic status (8, 13) . In this study, HAV fecal specimens obtained from patients in the years 2002 and 2011 in Seoul, South Korea were analyzed with respect to the phylogenetic relatedness of their genotypes, and endemic patterns were determined by comparison with other geographically defined isolates. 
MATERIALS AND METHODS
Ethics statement
Cases
Primer design
Based on the genomic map (13), primers for HAV genotyping were chosen from the VP1/2A junction region. 
Nucleotide sequence accession numbers
The nucleotide sequences obtained in this study were deposited in GenBank under the accession numbers EU186418-EU186431 and JQ066751-JQ066763. 
RESULTS
Description of HAV patients
Phylogenetic analysis of 2002 strains
Thirteen of the 14 strains isolated in 2002 were subgenotype IA. These strains were further divided into three clusters using the neighbor-joining algorithms and supported by high bootstrap values (Fig. 1a) . CAU 02-08, CAU 02-09, and CAU 02-23 belonged to the cluster of mixed Japanese and Chinese strains whereas CAU 02-04, CAU 02-07, and CAU 02-21 were related to the Japanese cluster.
However, the other seven CAU isolates, CAU 02-01, CAU 02-03, CAU 02-06, CAU 02-10, CAU 02-11, CAU 02-12, and CAU 02-18, appeared to belong to a new cluster together with six Korean isolates of KU98 serious strains that were previously identified in 1998 and represented a Korean native cluster based on 94.0% shared nucleotide identity. The nucleotide sequences of these strains had 95.8~99.4% nucleotide identity similarity with MS-1, the subgenotype IA prototype strain detected in the USA in 1964, but showed relatively low nucleotide identities (91.0~88.0%) with HM-175, the prototype subgenotype IB detected in China in 1989.
Among these strains, the nucleotide sequences of CAU 02-11 and CAU 02-12, which were isolated from a family outbreak between brothers, were identical and showed no nucleotide variability with CAU 02-10. This cluster also included three Japanese strains, A68, A159, and FH-1.
Korean isolates close to the USA cluster were not found. 
Phylogenetic analysis of 2011 strains
Nine strains, CAU11-17, CAU11-79, CAU11-1, CAU 11-7, CAU11-12, CAU11-83, CAU11-62, CAU 11-13, and CAU11-84 belonged to subgenotype IIIA, the predominant genotype (Fig. 1b) . These subgenotype IIIA strains showed 97.6~95.8% nucleotide identities to India 90 from subgenotype IIIA and 96.4~94.6% nucleotide identities to PA21 from subgenotype IIIA. These IIIA strains also shared 87.5~86.9% nucleotide identities with KRM003 in subgenotype IIIB. Another three strains, namely CAU11-46, CAU11-02, and CAU11-76, clustered into subgenotype IA and were further divided into three different lineages designated as B, C, and E, which contained Belarus strains (Oct5724 and Nov5735), Korean strains (KU98-7, KU98-156, and KU98-13), and Japanese strains (A-12, M-118, and A414), respectively. CAU11-117 was classified into subgenotype IB. 
DISCUSSION
Recently, hepatitis A has become increasingly important because its incidence is dramatically increasing in adolescents and adults in South Korea. This reflects the lack of anti-HAV antibody in this age group as a result of the low chance of HAV infection over the last ten years (8, 13, 18) . Based on field studies, it was believed that different transmission pathways were involved in the outbreaks and that many distinct but closely related HAV strains were circulating in these areas and were separately responsible for the spread of disease (12) . On the other hand, among the 27 (22.9%) strains sequenced in this study, indistinguishable or closely related HAV strains were identified in fecal samples collected during different outbreaks in South Korea, which indicates a common outbreak source.
In the cluster study, the subgenotype IA cluster 'C' consists of three previously identified KU98 isolates and represents Korean native strains based on greater than 94.0% nucleotide identity. Japanese strains are known to make up a unique cluster or to be mixed with Chinese strains. However, three Japanese strains, A68, A159, and FH-1, were located in the Korean cluster, and interestingly these strains were also isolated between 2001 and 2002 in China. Therefore these Japanese strains might be more closely related to Korean isolates than to Japanese strains.
Phylogenetic analysis of the 2011 data showed a dominant subgenotype IIIA that was first isolated from Panamanian owl monkeys in 1980 and subsequently found in humans in Sweden, the United States, Nepal, Sri Lanka, India, and Malaysia, (19) . To identify this as an imported virus, knowledge of the travel experience of patients is crucial.
To our knowledge, the first identified genotype IIIA strain in this country (CAU 02-16) was found to be more closely related to the Indian 90 strain than the prototype strain PA21, and the patient had a history of travel to India before the symptoms manifested. Since the incubation period for HAV ranges from 10 to 50 days, it is possible that this strain was introduced from India.
As a result of improved sanitation standards, HAV strains have constantly and rapidly changed in Korea (20, 21) .
Recent outbreaks of HAV in South Korea showed characteristic epidemiological characteristics that might be different from those of many other developed nations, where the role of young children in the transmission of HAV has been the most significant factor. More than 60% of Korean children younger than ten have protective immunity, probably due to vaccination over the past 5~15 years (22) . Therefore, the recent and unexpected raise in subgenotype IIIA might be due to autochthonous circulation among predisposed young adults, possibly via food-borne transmission 
